A PTP-PEST-like protein affects α5β1-integrin-dependent matrix assembly, cell adhesion, and migration in Xenopus gastrula  by Cousin, Hélène & Alfandari, Dominique
www.elsevier.com/locate/ydbio
Developmental Biology 265 (2004) 416–432A PTP-PEST-like protein affects a5h1-integrin-dependent matrix
assembly, cell adhesion, and migration in Xenopus gastrula
He´le`ne Cousin and Dominique Alfandari*
Paige Laboratory, Department of Veterinary and Animal Sciences, University of Massachusetts, Amherst, MA 01003, USAReceived for publication 12 June 2003, revised 8 September 2003, accepted 17 September 2003Abstract
During amphibian gastrulation, mesodermal cell movements depend on both cell–cell and cell–matrix interactions. Ectodermal cells
from the blastocoel roof use a5h1 integrins to assemble a fibronectin-rich extracellular matrix on which mesodermal cells migrate using the
same a5h1 integrin. In this report, we show that the tyrosine phosphatase xPTP-PESTr can prevent fibronectin fibril formation when
overexpressed in ectodermal cells resulting in delayed gastrulation. In addition, isolated ectodermal cells overexpressing xPTP-PESTr are
able to spread on fibronectin using the a5h1 integrin in the absence of activin-A induction and before the onset of gastrulation. We further
show that while the inhibition of fibrillogenesis depends on the phosphatase activity of xPTP-PESTr, induction of cell spreading does not.
Finally, while cell spreading is usually associated with cell migration, xPTP-PESTr promotes ectodermal cell spreading on fibronectin but
also reduces cell migration in response to activin-A, suggesting an adverse effect on cell translocation. We propose that xPTP-PESTr
overexpression adversely affect cell migration by preventing de-adhesion of cells from the substrate.
D 2003 Elsevier Inc. All rights reserved.Keywords: PTP-PEST; a5h1 integrin; XenopusIntroduction
During vertebrate embryonic development, cells from the
three primordial germ layers (ectoderm, mesoderm, and
endoderm) move with respect to one another. The process
by which both mesoderm and endoderm are internalized
while the ectoderm covers the entire external surface is called
gastrulation. Before gastrulation, cells from the blastocoel
roof (BCR) assemble a FN-rich (FN) extracellular matrix
(ECM) using both a5h1 integrin interaction with the Central
Cell Binding Domain of FN (CCBD) (Hoffstrom, 2002; Na et
al., 2003), and the proteoglycan syndecan interaction with the
second heparin binding domain of FN (HepII) (Kramer and
Yost, 2002). During gastrulation, mesodermal cells involute,
bind to, and migrate on the FN rich ECM toward the animal0012-1606/$ - see front matter D 2003 Elsevier Inc. All rights reserved.
doi:10.1016/j.ydbio.2003.09.038
Abbreviations: BCR, blastocoel roof; ECM, extracellular matrix; FN,
fibronectin; CAS, Crk-associated substrate; FAK, focal adhesion kinase;
PTP-PEST, protein tyrosine phosphatase rich in P, E, S, and T.; CCBD,
central cell binding domain of fibronectin; ODC, ornithyl decarboxylase;
ECM, extracellular matrix; mab, monoclonal antibody.
* Corresponding author. Fax: +1-413-545-6326.
E-mail address: alfandar@vasci.umass.edu (D. Alfandari).pole (Boucaut et al., 1984;Winklbauer andKeller, 1996). The
integrin involved in the adhesion and migration of these cells
appears to be the same as the one involved in the fibrillo-
genesis (a5h1) (Davidson et al., 2002). The ability of
mesodermal cells to spread and migrate on FN is regulated
in both space (only in involuted mesoderm) and time (only at
the onset of gastrulation; Ramos and DeSimone, 1996).
Previous works have shown that ectodermal cells from the
animal hemisphere can be induced to become mesodermal
cells by a member of the TGF-h family of growth factor,
activin-A (Smith et al., 1988).While untreated ectoderm cells
bind to FN, activin-A treatment of these cells induces both
spreading and migration on this substrate (Ramos and DeSi-
mone, 1996; Smith et al., 1990).
The a5h1 integrin is expressed on the surfaces of all cells
during gastrulation (Joos et al., 1995). Because there is no
change in a5h1 surface expression in mesoderm versus
ectoderm, it is postulated that the ‘‘activation state’’ of this
integrin is different in these two tissues (Ramos and DeSi-
mone, 1996). One ‘‘activation state’’ would promote matrix
assembly, while another, under the control of both an internal
‘‘clock’’ and mesoderm inducing factors, would permit cell
PTP-PEST 1705–25
forward
5V-GCCCCAATGTCCTTTACTAAC-3V
PTP-PEST 2209–32
reverse
5V-CCATCAGGTATGTTAATGTGAACT-3V
ODC forward 5V-GCCATTGTGAAGACTCTCTCCAAT-3V
ODC reverse 5V-TGCCGCCTAATTTTCCGTCT-3V
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suggest that this control involve the cytoplasmic domain of
both a and h integrin subunits (Marsden and DeSimone,
2001; Na et al., 2003).
In vitro, cell adhesion to the ECM induces at least two
general events. First, upon ligation, the integrins are clus-
tered. Second, several intracellular proteins are recruited at
specialized adhesion structure called focal contacts (Webb et
al., 2002). During this recruitment, these proteins undergo
phosphorylations, many on tyrosine residues. Focal contacts
are sites where the ECM–integrin complex links to the actin
cytoskeleton and are also major sites for signal transduction.
While these structures are essential for anchoring the cells to
the ECM, they also need to be dynamic so that migrating
cells can detach their trailing edge from the substrate and
translocate, while new focal adhesion sites are assembled at
the leading edge (Lauffenburger and Horwitz, 1996;
Schwarzbauer, 1997). The dynamics of focal adhesion
assembly–disassembly is thought to be controlled by an
equilibrium between both tyrosine kinases and tyrosine
phosphatase activity (Burridge and Chrzanowska-Wod-
nicka, 1996; Webb et al., 2002).
PTP-PEST is a cytoplasmic Protein Tyrosine Phospha-
tase (PTP) containing sequences rich in proline (P),
glutamic acid (E), serine (S), and threonine (T) (Charest
et al., 1995; Cote et al., 1998; Yang et al., 1993). PTP-
PEST display six protein–protein binding domains: four
proline-rich domains numbered P1 to P4, a NPLH motif
and the CTH domain (Carboxy-Terminal Homology do-
main). A list of the proteins interacting with these
domains is presented in Table 1. Over-expression and
knockout experiments have identified p130CAS, paxillin,
and FAK as potential substrates of PTP-PEST (Angers-
Loustau et al., 1999; Cote et al., 1998, 1999; Garton and
Tonks, 1999; Lyons et al., 2001; Shen et al., 2000).
Together, these results suggest that PTP-PEST may playTable 1
PTP-PEST binding proteins
Region of PTP-
PEST engaged
Partner Binding domain
of the partner
Reference
P1 (aa332–348) p130CAS SH3 Garton et al.,
1996, 1997
P1 (aa332–348) Hef1 SH3 Cote et al., 1998
P1 (aa332–348) Sin SH3 Cote et al., 1998
P2 (aa647–690) Csk SH3 Davidson
et al., 1997
P2 (aa647–690) Grb2 N-SH3 Charest et al.,
1997
P3 (aa355–374) Paxillin LIM3/LIM4 Shen et al., 1998;
Cote et al., 1999
P3 (aa355–374) Hic5 LIM3 Nishiya et al., 1999
NPLH (aa599–602) Shc PTB Habib et al., 1994;
Charest et al., 1996
CTH PST-PIP/
CD2BP1
Coiled coil Spencer et al., 1997;
Li et al., 1998
CTH PST-PIP2 Coiled coil Wu et al., 1998two roles: as a tyrosine phosphatase and as an adapter
protein.
Here we report the cloning and functional character-
ization of a Xenopus PTP-PEST-related cDNA. We show
that xPTP-PESTr overexpression in ectodermal cells of
the BCR prevents FN matrix assembly, while a point
mutant lacking the phosphatase activity does not. In vitro,
overexpression of either forms of xPTP-PESTr induces
animal cap ectoderm cell spreading on FN. This activin-
independent spreading requires integrin a5h1 function
and occurs before gastrulation. Finally, xPTP-PESTr-in-
duced cell spreading does not promote cell migration but
rather inhibits cell migration in response to activin
induction.Materials and methods
Eggs and embryos
Eggs were obtained from adult Xenopus laevis, fertil-
ized, and cultured as described previously (Cousin et al.,
2000). Embryos were staged according to Nieuwkoop and
Faber (1967).
PrimersxPTP-PEST cloning and sequence analysis
The cDNA Clone ID 4058231 corresponding to xPTP-
PESTr was purchased from the I.M.A.G.E. Consortium
(LLNL) (Lennon et al., 1996). The 5Vend of xPTP-PESTr
was cloned by RACE-like PCR on cDNA libraries using a
modified version of the PCR technique described by Alfan-
dari and Darribere (1994). Sequence analyses of four inde-
pendent colonies revealed that the amplified fragment
contained the missing 5Vend of the xPTP-PESTr ORF
sequence. Deduced amino acid sequences were aligned using
the ClustalW program (Thompson et al., 1994).
RT-PCR
RT-PCR was performed as previously described (Cousin
et al., 2000), using 100 ng of each of the appropriate
oligodeoxynucleotides and 0.1 mM dNTP and 2.5 U of Taq
polymerase (Fisherbrand) in standard Mg2+ buffer for 30
cycles.
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Primers were designed to amplify the full-length coding
region of Xenopus PTP-PESTr from the Stage 20 plasmid
library using pfu polymerase (Stratagene). A BamH1 site was
introduced in both sense and antisense primer sequences to
clone the 3Vend of the PCR product in frame with the myc-tag
sequence of pCS2-MT expression vector (Turner and Wein-
traub, 1994). A point mutation substituting serine for a
cysteine at position 231 in xPTP-PESTr phosphatase domain
was performed using the Stratagene Quick Change site-
directed mutagenesis kit according to the manufacturer’s
instructions.
Antibodies
The rabbit polyclonal antibody to p130CAS (CASB3b)
was a generous gift from A. Bouton. The mouse monoclonal
antibodies directed against phosphotyrosine (PY20) and
Paxillin were purchased from transduction laboratories. Xen-
opus-specific antibodies included the mouse monoclonal
antibodies directed against PACSIN2 (3D8; Cousin et al.,
2000), integrin a5h1 (P8D4; Davidson et al., 2002) and a
rabbit polyclonal antibody to FN (32F; Lee et al., 1984).MAb
to myc-epitope tag (9E10, Santa Cruz laboratories).
Microinjection experiments
Transcriptions of GFP, wild-type xPTP-PESTr, and the
point mutant C231S-xPTP-PESTr were carried out as pre-
viously described (Cousin et al., 2000). Transcripts (1 ng per
blastomere) were injected close to the animal pole region of
the two blastomeres of two-cell-stage embryos.
Protein extraction and analysis
Embryonic proteins were extracted using 1 XMBS (Gur-
don, 1977) containing 1% Triton X100, protease inhibitor
cocktail (Sigma), 2mMphenylmethylsulfonid fluoride, and 4
mMNaVO4 on ice followed by 10,000 g centrifugation for
30 min at 4jC. Immunoprecipitation were carried out in the
same buffer using either 10 Ag of specific antibodies coupled
to either protein-G (mouse) or protein-A (rabbit) agarose
beads (Roche). Protein samples were precleared using non-
immune serum (2 Al) from the same species as the specific
antibodies. Immunocomplexes were washed four times with
extraction buffer and once with 1 XMBS before elution in 2
Laemmli containing 5% of 2-mercaptoethanol. Western blot
were performed using standard techniques using either 5%
nonfat dry milk or 3% BSA (for phosphotyrosine blots) in
TBS 0.1% Tween-20 to block nonspecific sites.
Immunodetection of fibronectin fibrils
Immunostaining of FN fibrils was performed exactly as
described in Na et al. (2003), using the polyclonal anti-FN
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of 0.5 Ag/ml of 4V6-diamidino-2-phenylindole dihydrochlor-
ide (DAPI, Sigma) with the secondary antibody. Animal
caps were mounted in vectashield (Vector Laboratories) and
examined by epifluorescence microscopy using a Zeiss
Axiophot microscope.
Immunostaining and confocal imaging
Embryos were fixed either in 3% TCA in 0.1 XMBS at
4jC or in Dents (20% DMSO in methanol) at 20jC
overnight. Immunostaining was performed in PBS, 0.1%
Tween 20 (PTW), 1% BSA and 20% heat-inactivated goat
serum, using 10 Ag/ml of primary antibodies overnight at
4jC. Embryos were washed at least three times for 1 h in
PTW. Secondary antibodies (molecular probes) were incu-
bated 4 h at 20jC in PTW containing BSA and serum,
washed three times for 1 h at 20jC and once overnight at
4jC. Stained embryos were dehydrated in methanol,
mounted in benzyl alcohol/benzyl benzoate (2:1), and photo-
graphed on a Nikon C1 confocal microscope.
Cell adhesion and animal cap assays
Falcon Probind 96-well plates were coated with 50 Al of a
10 Ag/ml solution of bovine FN (Sigma) or 6 Ag/ml of various
GST-FN fusion proteins (Ramos and DeSimone, 1996) in
PBS overnight at 4jC. The plates were rinsed with PBS,
blocked with 200 Al of 1% BSA in PBS for 2 h at room
temperature. Excess BSAwas removed by two washes with 1
XMBS. The wells were filled with 200 Al of Danilchik’s
media (Davidson et al., 2002) containing or not 5 ng/ml
activin A (R&D Systems).
Animal caps from injected embryos were dissected at
Stage 8 and either incubated for 1 h in MBS containing 1 mg/
ml of BSA and 5 ng/ml of activin A or dissociated in
calcium/magnesium-free MBS containing 1 mg/ml BSA.
Intact animal cap were transferred to agarose-coated dish
and grown at 18jC in 0.75 XMBS. Isolated cells were
transferred to the 96-well plates. Simultaneous time lapse
movies and still pictures were taken using Openlab software
(Improvision) on a Zeiss Axiovert 35 inverted microscope
equipped with Ludl xyz-stage control and a Hamamatsu Orca
camera. The distance migrated by the cells was analyzed
from the movies using the Openlab software.
Whole-mount in situ hybridization
Whole-mount in situ hybridizations were carried out as
previously described (Cousin et al., 2000). Photographs were
taken using a Zeiss Stemi SV6 stereomicroscope, a Nikon
N90 camera equipped with a Kodak DCS 420c digital
acquisition system. The cDNA templates used to generate
the probes were generously provided by the following
investigators: Xbra (J. Smith), Sox2 (R. Grainger), and
chordin (E.M. De Robertis).
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Cloning and expression of a PTP-PEST-related phosphatase
in X. laevis
We have cloned a cDNA encoding a sequence related to
the mammalian PTP-PEST from a X. laevis Stage 20 cDNA
library (Accession number: AY312062). Sequence analysis
reveals a putative ATG starts at nucleotide 343. The ORF
encodes a 661 amino acid Protein tyrosine phosphatase
(PTP) with a high degree of similarity with other members
of the PTP-PEST family (65% and 64% with the human and
mouse sequence, respectively; Fig. 1A). The N-terminal
phosphatase domain displays the highest similarity with
83% identity with both the human and the mouse forms
while the noncatalytic domain (i.e. binding domain) is less
conserved with identity of 51% and 47%, respectively. The
C-terminal region of Xenopus PTP-PEST also displays the
proline-rich domains known as P1, P3, and P4 as well as the
Shc-binding motif, NPLH. However, the Xenopus clone is
missing the proline-rich region P2 and the so-called CTH
(C-terminal homology) domain.
The absence of these two domains in the cDNA clone led
us to investigate the expression of potential splicing variants
by RT-PCR (Fig. 2). The forward primer corresponds to the
region of the NPLH motif and the reverse primer was
designed in the 3Vuntranslated sequence. At all stages tested,
PCR amplification resulted in the expected 527-bp fragment
together with an additional 650-bp product (Fig. 2). Se-
quence analyses revealed that the larger amplification prod-
uct correspond to a splicing variant encoding 32 additional
amino acids replacing the lysine (K641) and serine (S642)
from the original cDNA clone (Fig. 1A, double underlined).
This insert contains only two prolines and does not encode
the missing P2 and/or CTH domains. Despite the absence of
CTH domain, the Xenopus sequence’s high identity score
with the mammalian PTP-PEST and the presence of the P1,
P3, P4, and NPLH motifs suggests that it is closely related
to the mammalian PTP-PEST. For this reason, we chose to
name this novel cDNA X. laevis PTP-PEST related or
xPTP-PESTr.
We then used RT-PCR to investigate the expression of
xPTP-PESTr at various developmental stages. The results
show that both variants of xPTP-PESTr mRNA are
expressed maternally and persist during later development
and in adult tissues (Fig. 2). Similar RT-PCR performed on
cDNA from dissected territories at early gastrula stage
indicate that both splicing variants are expressed in the
three embryonic germ layers with no obvious spatial en-
richment (Fig. 2B).
xPTP-PESTr is a phosphatase that binds paxillin and
p130CAS
Many binding partners and substrates of mammalian
PTP-PEST have been identified (e.g. p130CAS, paxillin,and PST-PIP). Paxillin and a close relative of PST-PIP
called PACSIN-2 have been cloned in Xenopus and are
both expressed in early stages of development (Cousin et al.,
2000; Ogawa et al., 2001; Wheeler and DeSimone, unpub-
lished). EST database searches confirm that p130CAS is
also expressed in Xenopus embryos. Since xPTP-PESTr
shares five out of the seven domains with its mammalian
counterpart, we investigated if the resulting protein was able
to bind and dephosphorylate the same substrates.
First, we analyzed interaction between xPTP-PESTr and
potential partners by coimmunoprecipitation. Two-cell-
stage embryos were injected with mRNA encoding a
myc-tagged form of wild-type xPTP-PESTr. When the
embryos reached neurula stage, proteins were extracted
and p130CAS, paxillin, and PACSIN2 were immunopreci-
pitated with specific antibodies (see Materials and meth-
ods). Following immunoprecipitation, the presence of
coprecipitated xPTP-PESTr was analyzed by Western blot
using the myc-specific mAb 9E10. The results show that
xPTP-PESTr can be coprecipitated with both p130CAS and
paxillin, but not PACSIN2 (Fig. 3A) while all the above
proteins are clearly present in the extracts (Fig. 3B). These
results show that at least the P1 and P3 domains of xPTP-
PESTr are functional and are able to bind the same partners
as the mammalian PTP-PEST.
To investigate the tyrosine phosphatase activity of xPTP-
PESTr, we analyzed the phosphorylation state of a known
PTP-PEST substrate (p130CAS) in embryos overexpressing
xPTP-PESTr. To do so, we injected embryos with synthetic
mRNA encoding the myc-tagged form of either wild-type or
C231S mutant forms of xPTP-PESTr. This mutation sub-
stitutes the cysteine 231 within the phosphatase domain
active site for a serine and has previously been shown to
abolish its activity (Guan and Dixon, 1991). At gastrula
stage, proteins were extracted and p130CAS was immuno-
precipitated. The level of phosphorylation of p130CAS was
tested by Western blot using an antiphosphotyrosine anti-
body (Fig. 3C, blot PY20). The intensities of the bands
obtained in three independent experiments were analyzed
with the ImageQuant software and normalized to the level
of noninjected embryos (Fig. 3C, graph). The embryos
injected with the Wt-xPTP-PESTr (Wt) show a significant
decrease (19.5%, P = 0.019) in tyrosine phosphorylation of
p130CAS when compared to the noninjected control em-
bryos. However, embryos injected with the point mutant
C231S show levels of phospho-p130CAS similar to the
noninjected embryos (P = 0.31). This variation is not due to
a variation of the total p130CAS protein level as shown by
reprobing the nitrocellulose membranes with the anti-
p130CAS-specific antibody (Fig. 3C). Together, these
results shows that xPTP-PESTr is a tyrosine phosphatase
able to dephosphorylate p130CAS. This experiment also
confirms that the C231S point mutation performed within
the phosphatase domain abolishes this catalytic activity.
Surprisingly, expression of the C231S mutant does not
increase the level of phosphorylation of p130CAS, suggest-
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Fig. 2. Expression of xPTP-PESTr. RT-PCR on RNA extracted from groups
of 10 embryos at various stages of development (A), 20 explants (B), or the
heart and liver of an adult male (C) using primer for xPTP-PESTr and ODC.
The negative control () corresponds to RNA from Stage 36 embryos
treated in the absence of reverse transcriptase. (A) xPTP-PESTr-specific
amplification products appear as a double band at every embryonic stages
tested (arrowheads 1 and 2). (B) The two amplification products are
expressed in the ectoderm (Cap), the dorsal (DMZ) and ventral mesoderm
(VMZ), and the endoderm (Veg) of Stage 10.5 gastrula. (C) PCR performed
on liver and heart cDNA display the same amplification products than the
embryonic stage 10.5. The lower band (arrowhead 1) corresponds to the
size amplified from the EST, clone. The upper band (arrowhead 2)
corresponds to the splicing variant presented in Fig. 1A.
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embryo or that PTP-PEST phosphatase is not active at the
stage tested. The second hypothesis is consistent with the
increase in phosphorylation of FAK at the same stage of
development (gastrulation) (Hens and DeSimone, 1995).
xPTP-PESTr misexpression perturbs gastrulation
To investigate the function of xPTP-PESTr in the deve-
loping embryo, we used overexpression and misexpression
of either wild-type (Wt) or the phosphatase-dead forms of
the protein (C231S). The two-cell-stage embryos wereFig. 1. Sequence comparison of Xenopus, human, and mouse PTP-PEST. (A) Am
Identical residues are represented with dashes. The black box corresponds to the P
domain. The black letters within the catalytic domain highlight the active site and th
(P) domains are highlighted in bold and theNPLHmotif is underlined. Sequence of th
are replaced (K641 and S642). (B) Schematic representation of the mouse PTP-PEST.
splicing variant is indicated.injected in both blastomeres with 1 ng of mRNA encoding
either Wt- or C231S-xPTP-PESTr. Following injection,
embryonic development was carefully monitored until the
control embryos reached tailbud stage. During the initial
rapid cell division, there was no noticeable difference
between the control embryos injected with GFP-mRNA
and the one injected with either form of xPTP-PESTr. At
the onset of gastrulation, the appearance of the blastopore
on the dorsal vegetal aspect of the embryos was observed
in all injected embryos. At the end of gastrulation, while
the blastopore of control embryos was closed, embryos
injected with either Wt- or C231S-xPTP-PESTr were still
open. At later stages, embryos injected with either forms of
xPTP-PESTr had phenotypes consistent with a failure of
gastrulation movement including but not restricted to open
blastopore, failure to close the neural tube, and small un-
derdeveloped heads.
Perturbation of gastrulation can be caused by a large
number of molecules that can interfere with either cell fate
determination or cell movement. To control whether cell
determination was affected by xPTP-PESTr injection, we
performed whole-mount in situ hybridization on injected
embryos with tissue-specific markers. Injected embryos
were fixed at Stage 13 and processed for whole-mount in
situ hybridization using the pan-neural marker Sox2, the
notochord marker Chordin and the early gastrula pan-
mesoderm marker Xbra (Fig. 4). The embryos injected
with Wt- and C231S-xPTP-PESTr expressed the Sox2 and
Xbra markers demonstrating that both mesoderm and
neural induction did occur. The presence of chordin dem-
onstrated that the dorsal mesoderm that gives rise to the
notochord is also present in injected embryos. However,
embryos overexpressing either of the xPTP-PESTr con-
structs display the gastrulation defects described earlier
with large yolk plugs, narrower anterior neural plates,
and shorter notochords (Fig. 4).
These results show that no major perturbation in cell fate
is induced following injection of xPTP-PESTr RNA and
suggest that the gastrulation defects are in fact due to a more
direct interference with cell motility during gastrulation. To
investigate this possibility, we looked at the two main
component of the adhesive machinery: the adhesive prop-
erties of the cells and the ECM underlying the BCR.
xPTP-PESTr overexpression induces BCR cell spreading on
fibronectin
During amphibian gastrulation, mesodermal cells attach
to and migrate on the FN matrix assembled on the BCR.ino acid sequence alignments of Xenopus, murine, and human PTP-PEST.
rotein Tyrosine Phosphatase (PTP) domain and the gray box to the catalytic
e white bold-faced ‘‘C’’ designates the critical cysteine 231. The proline-rich
e splicing variant (xPTP-PEST’) is introduced above the two amino acids that
The Xenopus protein (black line) stops before the P2 and CTH domains. The
Fig. 3. Biochemical interactions of xPTP-PESTr. (A, B) Immunoprecipitation of protein extracted from Stage 10.5 embryos either uninjected (NI) or injected
with myc-tagged-PTP-PEST (Wt) using antibodies to p130CAS, paxillin, or PACSIN2. (A) The presence of myc-PTP-PEST protein is visualized using the
myc-specific mAb 9E10 on either total extract (extract) or the various immunoprecipitates (IP). Myc-PTP-PEST is coprecipitated with p130CAS and Paxillin
but not PACSIN2. (B) The presence of each protein in the immunoprecipitates is controlled by reprobing the nitrocellulose membrane from Awith antibodies to
p130CAS, Paxillin, and PACSIN2. The arrowhead to the right indicates the expected bands for each antibody. (C) Protein extracts from Stage 20 embryos
injected with either the wild-type or C231S form of PTP-PEST were immunoprecipitated using the p130CAS antibody and compared to immunoprecipitates
from control embryos (NI). Immunocomplexes were probed using an antibody to phosphorylated tyrosine (PY20) or the p130CAS antibody. The presence of
the overexpressed Wt- or C231S-PTP-PEST was confirmed using the 9E10 mAb. Results from quantification of three independent experiments is plotted on
the right. Signal intensities have been normalized to the non injected control embryos (100%). The error bars correspond to the standard deviation from the
mean. The decrease of p130CAS phosphorylation is significant in the wild-type-expressing embryos (81 F 5.4%, P = 0.019) but not in embryos expressing the
C231S mutant (95 F 11.8%, P = 0.31).
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adhesion to FN result in a failure of gastrulation movements
(Boucaut et al., 1984; Darribere et al., 1990; Marsden and
DeSimone, 2001; Ramos et al., 1996). In tissue culture
cells, PTP-PEST has been shown to play an important role
in cell spreading and motility on FN. We therefore
addressed the affect of xPTP-PESTr perturbation in embry-
onic cell adhesion.
Animal caps expressing wt- or C231S-xPTP-PESTr were
dissected from blastula-stage embryos, dissociated in calci-
um- and magnesium-free MBS and isolated cells were
seeded on FN-coated plates in the presence or absence of
the mesoderm inducing factor activin-A. Cell spreading and
migration was recorded in each case, starting before gastru-
lation (Stage 9) until mid-gastrula (Stage 12) (Fig. 5).
Before gastrulation, control cells expressing GFP did not
spread on FN in the presence or absence of activin-A. In
contrast, animal cap cells overexpressing either wt-xPTP-
PESTr or the C231S mutant displayed an asymmetrical cellshape characteristic of the early stage of spreading. This
morphology was observed in the presence or in the absence
of activin-A. When sibling embryos initiated gastrulation
(Stage 10.5), the control cells without activin-A were
moderately flattened but did not extend protrusions, while
cells expressing either forms of xPTP-PESTr were fully
spread and extended numerous lamellipodia. In fact, cells
expressing either xPTP-PESTr construct were very similar
in their morphology to control cells treated with activin-A.
These results show that xPTP-PESTr overexpression
induce cell spreading on FN and that this phenomenon is
independent of the phosphatase activity. Furthermore,
xPTP-PESTr-induced cell spreading can occur before
gastrulation.
xPTP-PESTr induces a5b1-integrin-mediated cell spreading
In Xenopus, mesodermal cell spreading on FN depends
solely on the interaction of a5h1 integrin with the RGD and
Fig. 4. Overexpression of xPTP-PESTr inhibits gastrulation. Embryos injected in the two blastomeres at two-cell stage were grown to late gastrula (Stage 13)
and treated by whole-mount in situ hybridization with the makers Sox2, brachyury (Xbra), and chordin. Embryos expressing the wild-type or the point mutant
C231S fail to close their blastopores (white double arrows) and their notochords (n) are shorter than the control (black vertical bar), indicating that gastrulation
did not occur properly. In some embryos, two notochord-like structures form around the yolk plug. The neural plate is present (Sox2) but the anterior part is
narrower (horizontal black bar) and the posterior portion splits around the yolk plug (y).
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spreading in response to xPTP-PESTr overexpression may
be due to either a stimulation of a5h1 or of other integrins
(e.g. av-containing integrins), which are present on ecto-
derm cell surface at gastrulation (Joos et al., 1998). ToFig. 5. xPTP-PESTr overexpression induce ectoderm cell spreading on fibronecti
mutant forms of Xenopus PTP-PEST were seeded on FN (10Ag/ml). Photographs
gastrulation movements. Control cells expressing GFP were plated in the absenc
gastrulation, cells expressing either form of PTP-PEST spread on FN while control
are fully spread and resemble activin-A-treated cells expressing GFP.discriminate between these two hypotheses, we repeated the
adhesion assay in the absence of activin-A using, as a
substrate, bacterially expressed fusion proteins correspon-
ding to the different adhesive domains of Xenopus FN
(Ramos and DeSimone, 1996; Fig. 6A). Photographs of cellsn. Animal cap ectoderm cells expressing GFP, the wild-type, or the C231S
were taken before (Stage 9) and after (Stage 10.5) sibling embryos initiated
e () or presence (+) of the mesoderm inducing factor activin-A. Before
cells do not. During gastrulation, cells expressing Wt- or the C231S mutant
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initiated gastrulation (Stage 10.5) (Fig. 6B) and the ratios of
spread versus nonspread cells were measured (Fig. 6C).
Under these conditions, cells expressing either forms of
xPTP-PESTr were able to spread on FN (Wt 57 F 14%;C231S 61F26%) and the fusion protein corresponding to the
CCBD (GST-9.11) of FN (Wt 44F 13%; C231S 42F 13%),
while most of the GFP-expressing cells did not (5 F 1%).
Mutation of the RGD site (GST-9.11e) or the synergy site
(GST-9.11a) was sufficient to prevent xPTP-PESTr-induced
cell spreading. This demonstrate that both RGD and synergy
sites are required for cell spreading, pointing to a role of
integrin a5h1 in this process (Danen et al., 1995).
To confirm this hypothesis, we repeated the adhesion
assay on FN using integrin a5h1 function blocking mAb
P8D4 (Fig. 7). Under these conditions, P8D4 completely
inhibited xPTP-PESTr-induced cell spreading on FN show-
ing that a5h1 integrin is ultimately responsible for this
change in behavior. The specificity of the a5h1-dependent
change in adhesion behavior is further supported by the
inability of xPTP-PESTr to induce animal cap cell spreading
on either vitronectin or a fusion protein corresponding to the
second heparin binding domain of FN (data not shown).
This indicates that neither av-containing integrins nor
syndecans respond to xPTP-PESTr expression by promoting
cell spreading.
xPTP-PESTr overexpression inhibits cell migration induced
by activin-A
The spreading of mesodermal cells on FN is the first
visible morphological change preceding cell migration
(Nakatsuji, 1986). The same phenomenon is also observed
when animal cap cells are treated with activin-A. Because
xPTP-PESTr overexpression mimics the capacity of activin-
A to induce cell spreading on FN, we investigated the effect
of this overexpression on cell migration.
Animal cap cells isolated from blastula stage embryos
(Stage 9) injected with either GFP, wt-xPTP-PESTr, or the
C231S mutant were plated on FN in the presence or absence
of activin-A and filmed until the control embryos reached
midgastrula stage (Stage 12). The distances migrated wereFig. 6. The CCBD is sufficient to mediate xPTP-PESTr-induced cell
spreading. (A) Schematic representation of FN (FN) and the various GST-
FN fusion proteins used in the adhesion assay. The black rectangles
represent the EIIIA and EIIIB domains. The two heparin-binding domains
(HepI and HepII), the V region (V), and the Central Cell-Binding domain
(CCBD) are indicated. The RGD sequence in the 10th type III repeat and
the synergy domain (Syn) in the 9th type III repeats are also marked. The
point mutations in the 9.11a and 9.11e are indicated and the domains
mutated are represented in dark gray. (B) Adhesion assays were performed
as described in Fig. 4 on 10 Ag/ml of fibronectin (FN) or 6 Ag/ml of the
fusion proteins 9.11, 9.11e, and 9.11a. For counting purposes, cells are
considered spread when they display an asymmetrical shape with two or
more lamelliform protrusions. Wt- and C231S drastically increased cell
spreading when compared to GFP, on both fibronectin (FN) and the central
cell binding domain fusion protein (9.11). Cell spreading is never observed
on the mutated fusion protein 9.11a or 9.11e. (C) Histogram representing a
quantitative analysis from four independent experiments for FN and 9.11,
and two experiments for 9.11a and 9.11e. Error bars represent the standard
deviation from the mean. Statistical analysis shows that spreading in
response to wt- and C231S-PTP-PEST is significantly increased compared
to GFP on both FN and 9.11 ( P < 0.01).
Fig. 8. xPTP-PESTr overexpression prevents activin-A-induced cell
migration on fibronectin. Animal cap ectoderm cells expressing GFP, Wt-,
or C231S-PTP-PEST proteins were seeded on FN (10 Ag/ml) with or
without activin-A. Measure of cell motility was performed on 10 cells for
each condition taking the nucleus as reference. Three independent experi-
ments were performed. The histogram represents the average migration
speed in Am/h for each condition. The error bars represent the standard
deviation from the mean. Activin-A treatment of control cells (GFP)
increases cell migration, while it has no effect on cells expressing either
forms of PTP-PEST.
Fig. 7. a5h1 integrin is responsible for xPTP-PESTr-induced cell spreading
on fibronectin. (A) Photographs of gastrula-stage animal cap ectoderm cells
on FN (10 Ag/ml). Cells expressing GFP, the Wt- or C231S-PTP-PEST
were seeded in the presence or absence of a function blocking mAb directed
against integrin a5h1 (P8D4). (B) Histogram representing a quantitative
analysis of the experiments presented in A. The error bars represent the
standard deviation from the mean. The presence of P8D4 inhibits cell
spreading induced by both the wild-type and C231S mutant forms of xPTP-
PEST to the same level as the GFP control ( P = 0.36).
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each cell. For each condition, the average migration rate was
calculated from 10 individual cells in three independent
experiments (Fig. 8). Cells derived from embryos injected
with the GFP-mRNA were used as controls. In the absence
of activin-A, control cells migrated at an average speed of
20 F 10 Am/h. This speed increased dramatically in
response to activin-A induction to 54 F 11 Am/h (P <
0.01). In the absence of activin-A, the migration of animal
cap cells expressing either Wt-xPTP-PESTr or the C231S
mutant was not significantly different from control cells (18
F 11 Am/h, P = 0.43 and 21 F 10 Am/h, P = 0.45,
respectively). This result shows that xPTP-PESTr induces
cell spreading but not cell migration. Interestingly, the
treatment of Wt- or C231S-xPTP-PESTr expressing cells
with activin-A did not significantly increase their motility
(22 F 5 Am/h, P = 0.3 and 29 F 1 Am/h, P = 0.15,
respectively). However, careful analysis of the movies
shows that these cells have extensive protrusive activity
similar to activin-A-induced control cells (data not shown).
Altogether, these results show that xPTP-PESTr over-
expression does not induce cell migration in animal capectoderm cells and can indeed prevent activin-A-induced
cell migration.
xPTP-PESTr overexpression inhibits fibronectin
fibrillogenesis
We showed that overexpression of xPTP-PESTr induce
cell spreading in a a5h1-integrin-dependent manner. Since
FN fibrillogenesis also depends on a5h1, we investigated
the effect of xPTP-PESTr overexpression on FN fibril
assembly.
BCR from gastrula-stage embryos (Stage 12), expressing
the various constructs, were dissected and processed by
whole-mount immunofluorescence using a polyclonal anti-
body (32F) directed against Xenopus FN (Fig. 9). While
control BCR expressing GFP presented the typical intricate
network of FN fibrils (Fig. 9A), similar explants overex-
pressing Wt-xPTP-PESTr did not show any fibrils (Fig. 9B).
In these explants, FN immunostaining was still observed at
cell–cell contacts indicating that the absence of fibrils was
not due to an absence of FN (Fig. 9B, arrowhead). In
contrast, BCR expressing the phosphatase-dead C231S mu-
tant displayed extensive fibrils of FN (Fig. 9C). However, the
organization of these fibrils appeared slightly different when
compared to the control in that they were either thicker,
longer (Fig. 9C, arrowhead), or shorter with more branching
(Fig. 9C, arrow). It has previously been reported that the
presence of FN on the BCR is required for the oriented cell
division within this tissue (Marsden and DeSimone, 2001).
Accordingly, DNA staining (DAPI) of control BCR displays
mitotic figures (Fig. 9D) typical of cells in anaphase whose
division plane is parallel to the surface of the BCR. Follow-
Fig. 9. xPTP-PESTr overexpression inhibits fibronectin fibrillogenesis and perturbs orientation of cell division. Blastocoel roofs (BCR) from embryos
expressing GFP, Wt-, or C231S-PTP-PESTwere dissected at Stage 12, fixed, and processed for immunofluorescence. The FN fibrils of the BCR were detected
using a rabbit polyclonal antibody (32F; A–C). (D–F) Nuclei staining of the same fields as in A–C using DAPI. (A) BCR of GFP injected embryo shows
well-developed FN fibrils that connect each cell with its neighbors. (B) The BCR overexpressing wild-type xPTP-PESTr have FN only at cell –cell contacts
(arrowhead). (C) The BCR overexpressing C231S displays three types of fibrils: long fibrils that cross over up to three cells (arrowhead), very short fibrils with
more branching (arrow) and groups of parallel fibrils (double arrow and inset). (D) Nuclei staining of control cells reveals anaphase figures exclusively in the
plane of the BCR (double arrows). (E) BCR cells overexpressing Wt-PTP-PEST presents random cell division polarity: the metaphase plates show angles of
90j (arrow 1), 45j (arrow 2), or 0j (arrow 3) to the blastocoel roof plane. (F) In BCR overexpressing the C321S point mutant, cell divisions occur, as for the
control, along the BCR plane (double arrows).
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somal staining of deep layer cells (normally in direct contact
with the ECM) reveals metaphase plates with orientations
ranging from parallel to perpendicular to the BCR plan (Fig.
9E). This result suggests that the polarity of cell divisions is
lost. This randomization of the cell division axis is not
observed in BCR cells expressing the C231S mutant (Fig.
9F). Together, these results show that overexpression of wt-
xPTP-PESTr inhibits FN matrix assembly and randomize
cell polarity. In contrast, overexpression of the phosphatase-
dead xPTP-PESTr affects the branching of the FN fibrils but
has no apparent affect on cell polarity, suggesting that cell
polarity is not sensitive to this qualitative change in fibril
organization.xPTP-PESTr perturbation does not affect cell intercalation
in vivo
Our previous results show that overexpression of either
forms of xPTP-PESTr can delay gastrulation. The in vitro
data suggest that cell motility is decreased both by the
wild-type and the mutant xPTP-PESTr expression. To
investigate whether other gastrulation-specific cell behav-
ior were also affected, we performed three additional
experiments.
We first investigated whether the thinning of the blasto-
coele roof (radial intercalation) that occurs before and
during gastrulation was also apparent in embryos expressing
wt- or the C231S-xPTP-PESTr (Fig. 10A). We looked at the
H. Cousin, D. Alfandari / Developmental Biology 265 (2004) 416–432 427number of cell layers that constitute the BCR before (Stages
8–9) and at the beginning of gastrulation (Stages 10–11).
Before gastrulation, BCR from embryos injected with GFP,Fig. 10. xPTP-PEST perturbation does not affect cell intercalation in vivo. (A)
expressing GFP (top), Wt- (middle), or the C231S-xPTP-PESTr mutant (bottom).
roof. The various myc-tagged protein are detected using mAb 9E10 (green) whi
regions of overlap. Thinning of the blastocoele roof at the onset of gastrulation dow
expressing either GFP, Wt-, or the C231S-PTP-PEST were cut at Stage 8 induced
Stage 15. While all animal cap expressing GFP extend in response to the activin tre
in animal cap expressing either the Wt- or the C231S-PTP-PEST mutant. No exten
tailbud stage embryos (Stage 22) injected in one dorsal vegetal blastomere at the e
overexpressed proteins are detected using mAb 9E10 (green), while fibronectin is
C231S-PTP-PEST (right panels) can participate in dorsal and anterior structures
notochord. The lower panels represent a higher magnification of the notochord (n).
(left) and the somites (s, right). The staining pattern of green cells alternating with
the C231S-PTP-PEST (right) can intercalate with nonexpressing cells to form theWt-, and C231S-xPTP-PESTr were, on average, composed
of four cell layers (data not shown). At the beginning of
gastrulation, we found that all BCRs add thinned equally toMedian optical section of early gastrula stage embryos (Stages 10 to 11)
The right panels correspond to higher magnification of the blastocoele (b)
le fibronectin is detected using 32F (red). The yellow color correspond to
n to three cell layers is observed in all experimental cases. (B) Animal cap
or not with 5 ng/ml of activin-A and grown until control embryos reached
atment (GFP + activin, black arrowhead), elongation is dramatically reduced
sion is observed in the absence of activin ( activin). (C) Optical sections of
ight-cell stage. Anterior is to the left (Ant) and ventral is down (Vent). The
detected using 32F (red). Cells expressing either the Wt- (left panels) or the
(upper panels), including mesoderm from the head (h), somites (s), and
The white arrowheads point to the fibronectin staining around the notochord
dark cells in the notochord indicates that cells expressing either Wt- (left) or
notochord.
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expression and dominant-negative expression of xPTP-
PESTr had no effect on the initial radial intercalation.
We next dissected the animal cap ectoderm from
blastula (Stage 8) expressing the various proteins to
observe their behavior in the presence or absence of
mesoderm inducer activin-A. Animal cap expressing GFP
responded to the activin treatment by elongating (Fig.
10B). This elongation is typical of the induction of dorsal
mesoderm and represents the formation of a notochord. In
contrast, explants expressing either the Wt- or the C231S-
xPTP-PESTr showed reduced elongation, suggesting that
at least in vitro, notochord formation may be affected by
xPTP-PESTr perturbation.
Finally, to determine whether medio-lateral intercalation
was affected by xPTP-PESTr perturbation, we injected the
different constructs in one dorsal vegetal blastomere at the
eight-cell stage. According to fate maps, this cell should
contribute to dorsal and anterior mesodermal derivatives.
Following dorsal injection, we found that embryos express-
ing either forms of xPTP-PESTr did gastrulate with the
same timing as the ones expressing GFP. At early tailbud
stage (Stage 22), cells expressing either the Wt- or the
C231S-xPTP-PESTr were found in dorsal and anterior
structures (Fig. 10C), suggesting that the presence of an
excess of xPTP-PESTr or an inactive form of the phospha-
tase did not prevent these cells from converging and
extending with their neighbors. In addition, the presence
of alternate fluorescent cells (expressing the injected pro-
teins) and nonfluorescent cells within the notochord further
demonstrate that these cells can participate in medio-lateral
intercalation to produce the notochord in vivo. While the in
vitro result (previous paragraph) are in apparent contradic-
tion with the results obtained in vivo, it is important to note
that, in vivo, several force-generating movements collabo-
rate to produce the extended notochord. These movements
are probably not all reproduced in the animal cap assay.
Furthermore, our in vivo experiments only targeted one half
of the dorsal mesodermal cells, leaving the other half intact
to generate its own force.
Taken together, these results show that while xPTP-PESTr
perturbation affects cell–matrix interactions resulting in
defects in both matrix assembly and cell motility on fibro-
nectin, these perturbation have little effect on cell intercala-
tion in vivo both in the ectoderm (radial) and the dorsal
mesoderm (medio-lateral).Discussion
Selective, modulation of cell adhesion is critical for
embryonic development. Integrin a5h1 function in both FN
matrix assembly and mesoderm cell migration is one of the
many examples of such regulation. Upstream and down-
stream signals are likely to play a key role in controlling a5h1
integrin function to promote matrix assembly versus cellmigration. Here we present evidences that a tyrosine-phos-
phatase related to mammalian PTP-PEST is involved in the
control of a5h1 function during Xenopus gastrulation.
What is xPTP-PESTr?
When compared to other cDNA sequences, xPTP-PESTr
is more closely related to PTP-PEST sequences across
different species (approximately 60% identity) than with
any other phosphatases (less than 40%). The Xenopus clone
displays many similarities with mouse and human PTP-
PEST including five of the seven characteristic functional
domains: PTP, P1, P3, P4, NPLH, P2, and CTH. Sequence
analyses shows conservation in both primary amino acid
sequence and functional domain positions with respect to
the N- and C-terminus of the protein. We further show that
many of these domains share functional identity with the
mammalian counterpart. For example, xPTP-PESTr can
bind and dephosphorylate p130CAS in vivo and mutation
of the critical cysteine within the phosphatase active site
abolishes function in both frog and mammalian proteins.
Using coimmunoprecipitation, we further show that the
xPTP-PESTr can bind to paxillin, suggesting that the P3
domain is also functionally conserved with respect to its
mammalian counterpart. Preliminary data suggests that
xPTP-PESTr may also bind Shc, indicating that the NPLH
motif may also be functional (H. Cousin and D. Alfandari,
unpublished). All of the characteristic features described
above make a strong case that the novel Xenopus cDNA is
closely related if not the homolog of the mammalian PTP-
PEST. However, the singularity of this protein may have
significant functional implications.
The main difference of Xenopus PTP-PESTr with its
mammalian relative is the absence in the C-terminal end of
the protein of two functional domains: P2 and CTH. These
domains have been shown to bind to the SH3 domains of both
Csk and Grb2 (P2) and the coiled-coil domain of PSTPIP/
CD2-binding protein-1 (CTH; Table 1). Our result shows that
xPTP-PESTr does not bind to PACSIN2, a Xenopus protein
related to PSTPIP, suggesting that there is no functional
complementation for the absence of the CTH domain in
xPTP-PESTr. Our search for splicing variants containing
either the P2 or CTH domain in Xenopus have failed, even
using mRNA derived from adult tissues, suggesting that the
Xenopus mRNA is not an embryonic-specific splicing vari-
ant. Further work will be needed to investigate whether a
complete PTP-PEST including all seven domains exist in
Xenopus or if a similar truncated form exists in mammalian
cells. Similarly, comparisons of functional analysis of the
Xenopus and mammalian protein may help understand the
importance of the two missing domains.
Function of xPTP-PESTr in fibronectin matrix assembly
Xenopus PTP-PESTr is expressed in all cells of the
gastrula. The numerous functional domains allows xPTP-
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together or stabilizing protein complexes, or as a protein
tyrosine phosphatase. Because of these protein–protein
interaction domains, it has been proposed that a mutant
form of PTP-PEST lacking the phosphatase activity may act
as a dominant-negative form of the tyrosine phosphatase
function of PTP-PEST by titrating the substrates. We can
therefore analyze the phenotype of injected embryos as
either a gain of function (wild-type overexpression) or a
loss of phosphatase function (C231S expression) keeping in
mind that both of these proteins still have their scaffolding
potential intact.
With this in mind, the only phenotype observed that
appears to depend on the active phosphatase domain is the
inhibition of the FN matrix assembly on the inner surface of
the BCR following xPTP-PESTr overexpression. While
overexpression of the wild-type xPTP-PESTr completely
abolishes fibrillogenesis, the phosphatase dead mutant
C231S increases either the size or the branching of the FN
fibrils. In tissue culture cells, FN fibrillogenesis requires a
specific chain of events: (1) engagement of integrin by FN;
(2) receptor clustering; and (3) translocation of bound a5h1
integrin away from the cluster (Fig. 10A; Pankov et al.,
2000; Sechler et al., 1997). Angers-Loustau et al. (1999)
have shown that cells missing PTP-PEST protein fail to
disassemble focal contact. On the other hand, treatment of
cells with inhibitors of proteins tyrosine kinases block the
formation of focal adhesions (Burridge et al., 1992; Romer
et al., 1992, 1994). Taken together, these observations
suggest that tyrosine phosphorylation is required for focal
adhesion formation while dephosphorylation is essential for
the turnover of these structures. The phenotypes observed in
Xenopus embryos with gain or loss of xPTP-PESTr phos-
phatase function suggest that either the second or the third
step of fibrillogenesis may be affected. An excess of xPTP-
PESTr could induce a premature dissociation of integrin
cluster, thus preventing the subsequent elongation of FN
fibrils across the BCR, while the dominant-negative C231S
would prevent integrin complex dissociation. One could
expect the mutant dominant negative to also inhibit matrix
assembly by preventing step 3, but this clearly is not the
case. The unusual FN fibrils seen when the C231S mutant is
expressed might be explained by the fact that cells compos-
ing the BCR move with respect to one another (radial
intercalation and polarized cell division). The FN bound
to the stabilized focal complexes may be stretch ‘‘passively’’
between cells that are moving apart, unmasking cryptic sites
for the FN polymerization, allowing formation of these
unusually long fibrils. Interestingly, the parallel fibrils seen
in Fig. 9C could be interpreted as a visualization of those
stretching forces. It is also possible that xPTP-PESTr
function is only required for a brief period of time to locally
decrease integrin adhesion. In this case, overexpression of
the wild-type protein would have dramatic effect while the
potential dominant negative may be subtler. This is clearly
the case for the dephosphrylation experiments performed onembryonic p130CAS and could also explain why the FN
fibrils are still visible following C231S expression.
In mammalian cells, there are two pathways that have
been shown to involve PTP-PEST, one through FAK, the
other through p130CAS. FAK is among the first proteins to
be targeted to the cytoplasmic domain of integrin. Previous
studies have shown that PTP-PEST can bind FAK via
paxillin and that this interaction results in FAK dephosphor-
ylation (Shen et al., 1998). In the Xenopus gastrula, FAK is
expressed in the inner cell layer of the BCR responsible for
FN fibrillogenesis (Hens and DeSimone, 1995). Its activa-
tion coincides with the onset of gastrulation, suggesting that
FAK function may be required for FN matrix assembly. Our
results show that Xenopus PTP-PEST binds to paxillin,
suggesting that the complex may in turn bind and inactivate
FAK, thus perturbing fibrillogenesis. This model would
suggest that a tight control between phosphorylation by
FAK and dephosphorylation by xPTP-PESTr of integrin
clusters may control the timing and extent of FN fibrillo-
genesis in the Xenopus gastrula.
Another alternative for PTP-PEST function in FN matrix
assembly is through Rac1. In vitro, PTP-PEST has been
shown to inhibit Rac1 activity (Sastry et al., 2002), possibly
through the p130CAS/Crk/Dock180 pathway (Cho and
Klemke, 2002; Garton and Tonks, 1999; Kiyokawa et al.,
1998). We have shown that overexpression of Xenopus PTP-
PESTr result in the dephosphorylation of p130CAS in vivo.
This could in turn prevent Rac 1 activation and prevents its
normal function. Interestingly, the expression of a dominant-
negative form of Rac 1 also inhibits FN fibrillogenesis in
Xenopus gastrulae (B. Dzamba and D.W. DeSimone, manu-
script in preparation), further suggesting that xPTP-PESTr
inhibition of fibrillogenesis may be due to Rac 1 inactivation.
Taken together, these observations suggest that xPTP-
PESTr may control FN matrix assembly either through FAK
or Rac1. Further work will be needed to determine which of
these two pathways or eventually if both are required for
fibrillogenesis in vivo.
Control of a5b1-dependent cell adhesion and migration
In the amphibian gastrula, cells from the mesoderm layer
acquire the ability to spread and migrate on the FN substrate
present at the basal surface of the BCR (Boucaut et al.,
1984; Nakatsuji, 1986; Winklbauer, 1990). Mesodermal cell
spreading and migration is controlled both in time (starting
at gastrulation) and in space (only involuted cells) and
requires integrin a5h1 function (Davidson et al., 2002; Na
et al., 2003; Ramos et al., 1996).
xPTP-PESTr is the first protein identified so far that can
induce ectoderm cell spreading in a a5h1 integrin-depen-
dent manner before gastrulation. Both the wild-type and the
phosphatase-inactive mutant C231S induce cell spreading,
suggesting that the scaffolding rather than the phosphatase
function of xPTP-PESTr is involved. By finding what
components xPTP-PESTr bring together, we may be able
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whether the linkage to the cytoskeleton is the essential step
for mesoderm cell spreading.
Gain and loss of function experiments carried out in
tissue culture systems lead to conflicting results that appear
to be dependent on cell types (Garton and Tonks, 1999;
Sastry et al., 2002). For example, overexpression using
transient transfection of Wt-PTP-PEST in CHOK1 cells
decreases cell spreading while stable transfection of Rat1
cells with a similar PTP-PEST construct has no affect on
spreading. It is not clear from the experiments whether the
difference of behavior is due to cell type or to the difference
in technique used (stable versus transient transfection) or the
relative level of PTP-PEST expression in each case. On the
other hand, loss of PTP-PEST function results in increased
cell spreading, suggesting that PTP-PEST normally func-
tions to regulate cell adhesion. In Xenopus ectoderm cells,
while the potential dominant-negative C231S mutant has the
expected effect (i.e. an increase in cell spreading), the
overexpression of the wild-type protein induces the same
phenotype. While it is easy to understand how in mamma-
lian cells, PTP-PEST dephosphorylation of FAK may lead
to the disassembly of focal contact and a decrease in
spreading, it is more difficult to understand the effect
obtained in the Xenopus cells. One possibility is that as an
adapter protein, xPTP-PESTr may cluster proteins that are
directly involved in cell adhesion to FN and that this activity
may be stronger than the phosphatase-inhibiting activity
thus promoting cell spreading. Finally, it is also possible that
the inhibition of spreading induced by PTP-PEST in mam-
malian cells involves the C-terminal domain of the protein
which is absent from the Xenopus protein. Overexpression
of the mammalian protein in Xenopus embryo should show
whether this is in fact the case or whether the response is
specific to the embryonic cells themselves.
In embryos, cell spreading is usually associated with
increased motility. In contrast, cell spreading in response to
either form of xPTP-PESTr overexpression is not followed by
an increase in migration. A similar inhibition of cell motility
was also observed in the cells lacking PTP-PEST (Angers-
Loustau et al., 1999). This effect was attributed to a defect in
focal contact turnover. This turnover allows the leading edge
of migrating cells to assemble new focal contact while those
at the trailing edge are recycled allowing cell translocation.
This adhesion–deadhesion is thought to be controlled by a
very fine equilibrium between kinases and phosphatases
(Webb et al., 2002). Changing this balance in any direction
(increase or decrease phosphorylation) is sufficient to prevent
migration. Therefore, it is not surprising that both over-
expression and the dominant-negative form of PTP-PEST
prevent Xenopus embryonic cell migration. Furthermore,
perturbation of both known targets of PTP-PEST (FAK and
p130CAS) has been shown to interfere with cell migration
(Honda et al., 1999; Sieg et al., 1999).
We present a novel form of protein tyrosine phosphatase
with roles in matrix assembly and cell adhesion duringembryonic development. The fine control of cell adhesion
during one of the first morphogenetic movements has been
the focus of numerous studies but the mechanism by which
one integrin switches from assembling a protein network to
promoting cell migration is still largely unknown. Identifying
the molecular complexes that compose adhesion structures at
the different sites of the embryo may help uncover this
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